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In this paper, we analyze lithospheric density distribution of China and surrounding regions on the basis
of 300  300 gravity data and 1  1 P-wave velocity data. Firstly, we used the empirical equation be-
tween the density and the P-wave velocity difference as the base of the initial model of the Asian
lithospheric density. Secondly, we calculated the gravity anomaly, caused by the Moho discontinuity and
the sedimentary layer discontinuity, by the Parker formula. Thirdly, the gravity anomaly of the spherical
harmonics with 2e40 order for the anomalous body below the lithosphere is calculated based on the
model of EGM96. Finally, by using Algebra Reconstruction Techniques (ART), the inversion of 300  300
residual lithospheric Bouguer gravity anomaly caused by the lithosphere yields a rather detailed struc-
tural model. The results show that the lithospheric density distribution of China and surrounding regions
has a certain connection with the tectonic structure. The density is relatively high in the Philippine Sea
plate, Japan Sea, the Indian plate, the Kazakhstan shield and the Western Siberia plain, whereas the
Tibetan Plateau has low-density characteristics. The minimum value of density lies in the north of
Philippines, in the Taiwan province and in the Ryukyu island arc.
 2013, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
The Asian continent is a collage of several lithospheric plates
and crustal blocks which converged rapidly in the late Paleozoic
(about 200e300 Ma). Its structure and tectonics are affected by the
interactionwith three plates: the Paciﬁc, the Philippine Sea and the
Indian plates. In the east, the Paciﬁc and the Philippine Sea plates
are subducting beneath the Eurasian plate, leading to the devel-
opment of the western Paciﬁc island arcs, the marginal seas, and
the continental rift zones. To the southwest, the Indian plateformation Technology, China
dian District, Beijing 100083,
29.
of Geosciences (Beijing)
evier
sity of Geosciences (Beijing) and Pcollided with the Eurasian continent in the late Mesozoic to
Paleocene epoch, resulting in crustal shortening and uplift and the
formation of the high plateaus of QinghaieTibet and the Pamir, and
the orogens of Himalayan and Hindu Kush. The Asian lithosphere
extending from India to Tibet, Xinjiang, Mongolia and Baikal
regions, is the most representative lithospheric convergent region
in the world (Zhu et al., 1997). The research on three-dimensional
density distributions in Asia, including China and its adjacent
regions, has great signiﬁcance in elucidating the inner structure of
the earth.
There are many results on the density structure of Asian litho-
sphere. Wang et al. (1982) analyzed the general distribution of the
crustal thickness and characteristics beneath Asia. Based on the
gravitational potential coefﬁcient of satellites, Fang and Xu (1997)
calculated earth’s density anomaly and analyzed the three-
dimensional density distribution of QinghaieTibet area. Teng
et al. (2002) gave the structure of the Moho discontinuity in the
East Asian region. Zhang et al. (2005) calculated the Eurasian small-
scale sub-lithospheric convection. Teng et al. (2006, 2007) looked at
the speciﬁc gravity ﬁeld and deep crustal structure of the
‘Himalayas east structural knot’. Feng et al. (2007) studied the
Eurasian Bouguer gravity and isostatic anomaly, and calculatedeking University. Production and hosting by Elsevier B.V. All rights reserved.
Figure 1. Geological and tectonic map of China and its surrounding regions (modiﬁed from Li and van der Hilst, 2010).
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mantle. Besides, they also brieﬂy discussed the overpass relation
and themirror relation in the time-space domain between the deep
and the shallow structures. Tiberi et al. (2008) presented a joint
inversion of gravity and teleseismic data to enlighten the litho-
spheric structures of the BaikaleMongolia region and showed that
central Asia is thermally perturbed by moderate asthenospheric
upwelling. Senachin and Baranov (2010) described the results of
the selection of a model of the deep density distribution in the
lithosphere of central and southern Asia, which explains the pre-
viously revealed dependence of the free mantle surface depth on
the thickness of the crust.
The research on lithospheric density distribution has impor-
tant implications in the geodynamics, tectonic partition and tec-
tonic evolution of different regions of the earth. The goal of this
paper is to construct a three-dimensional lithospheric density
distribution of China and surrounding regions and relate this
model to geological structure by using gravity data and seismic
tomography. We combine density anomaly and velocity differenceFigure 2. Moho discontinuity beneathwith Birch’s law (Birch, 1961). Fig. 1 illustrates the tectonics of the
study area.
2. Data and methods
The study area is China and surrounding regions (Fig. 1;
60e150E and 15e60N). Here, the gravity anomaly, which is
caused byMoho discontinuity and sedimentary layer discontinuity,
is calculated by the Parker formula (Parker, 1973). The gravity
anomaly of the spherical harmonics with the 2e40 order for the
anomalous body below the lithosphere is also calculated by the
model of EGM96. In addition, residual gravity anomaly, which
eliminated the gravity effect of Moho discontinuity, the sedimen-
tary layer discontinuity and the spherical harmonics with the 2e40
order from the Bouguer gravity anomaly, is considered to be caused
by density anomaly in the lithosphere. Lastly, on the basis of ve-
locity data, the three-dimensional lithosphere density distribution
of Asian lithosphere is determined by using Algebra Reconstruction
Techniques (ART) inversion method.China and its surrounding regions.
Figure 3. Sedimentary layer discontinuity beneath China and its surrounding regions.
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Bouguer gravity anomaly is caused by the lateral density con-
trasts within the sedimentary layer discontinuity, Moho disconti-
nuity and density inhomogeneity. In this paper we use the data of
three-dimensional tomographic imaging of 1  1 resolution
P-wave velocity, 300  300 Bouguer gravity anomaly, 300  300
resolution Moho discontinuity and sedimentary layer discontinuity
in China and surrounding regions. In contrast to the negative data
on land, the data on ocean is positive. There are sharp anomaly
gradient belts in the subduction zones. Unfortunately, the initial
model exhibits inexactitude because of the rough P-wave velocity.
By using the above data, we were able to obtain the density dis-
tributions of three layers of Asian lithosphere by the method of
inversion of ART.
2.2. Forward computation of the gravity anomaly caused by density
interface
Fourier transforms can be used to calculate the gravitational
anomaly, which is caused by uneven and non-uniform layer of
material. The forward calculation of gravity anomalies due toFigure 4. Gravity anomaly due to Moho discontinutopographic oscillations on a surface of uniform density contrast
was described in the frequency domain by Parker (1973):
F½Dg ¼ 2pGre
 k!z0 XN
n¼1
 k.
n1
n!
F½hnð r!Þ (1)
Here, the positions in Cartesian space are represented by vector
r ¼ (x, y, z) and the projection of r onto the x-y plane is denoted by
r!, k! is the wave vector of the transformed function, z0 is the mean
depth of the horizontal interface, r is the density contrast between
the two media and G is Newton’s gravitational constant. Hence, Eq.
(1) provides an easy and time-saving method to compute the
gravity effect caused by a subsurface mass anomaly or topography.
Furthermore, it can be easily applied to multi-layer cases as well
(Zhang, 1998; Shin et al., 2006).
We use the 300  300 resolution data of the Moho discontinuity
(Fig. 2) and the data of the sedimentary layer discontinuity (Fig. 3).
By the Eq. (1), the gravity anomaly that is caused by the Moho
discontinuity and the sedimentary layer discontinuity respectively
can be calculated, where the average depths of the Moho discon-
tinuity and the sedimentary layer discontinuity are 35 and 4 kmity beneath China and its surrounding regions.
Figure 5. Gravity anomaly from sedimentary units beneath China and its surrounding regions.
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respectively (Figs. 4 and 5).
2.3. Gravity anomaly of anomalous body below the lithosphere
In the study of the relationship between the depth of regional
gravity ﬁeld sources (Z) and the order of spherical harmonics
function of satellite gravity ﬁeld (n), Bowin (1983) advanced the
expression as follows:
Z ¼ R
n 1 (2)
where R is the average radius of the Earth (R ¼ 6371.2 km). The
2e40 order of gravity is caused by an anomalous body below the
lithosphere (Fang and Xu, 2002). Long-wave satellite gravity
anomalies corresponding to the 2e40 spherical harmonics degrees
are obtained by EGM96 model. The gravity anomaly of an anoma-
lous body below the lithosphere can be calculated (Fig. 6).
2.4. Residual Bouguer gravity anomaly
The residual gravity anomaly (Fig. 7), which eliminated
the gravity effect of Moho discontinuity, sedimentary layerFigure 6. Gravity anomaly by anomalous density bodies benediscontinuity and the spherical harmonics with the 2e40 order
from the Bouguer gravity anomaly (Fig. 8), can be considered to be
caused by density inhomogeneity in the lithosphere. In this paper,
we will invert density distribution by using the residual Bouguer
gravity anomaly.
3. Inversion and results
A linear relationship between the velocity and the density is
necessary. In this section, we use the linear positive relation from
the formula by Birch (1961),
DVp ¼ BDr (3)
where B is the coefﬁcient between the velocity perturbations (DVp)
and the density variations (Dr). Birch (1961) found that the coef-
ﬁcient B ranges between 2.5 and 3.5 km cm3 s1 g1 and depends
on the rock type. These density values act as the initial density
models of gravity inversion.
A series of discrete density models were set up in order to invert
the three-dimensional lithospheric density distribution of China
and surrounding regions. The partition of the model grid should be
consistent with the velocity model grid. In the horizontal direction,
the distances of all grids are 1 1. Depthwise, we set up three gridath the lithosphere of China and its surrounding regions.
Figure 7. Residual Bouguer gravity anomaly of China and its surrounding regions.
C. Li et al. / Geoscience Frontiers 5 (2014) 95e102 99mesh layers at 0e40 km, 40e77.5 km and 77.5e122.5 km. The
initial density model is made up of three layers of columnar blocks,
and their central depths are 25, 55 and 100 km respectively. The
total models are 91  46  3 and each model’s density is single in
this study.
In order to solve the density d
!
such that the equation d
! ¼ Gm!
by the inversion, we use ART to solve the measurement equation
(Kazantsev and Pickalov,1999; Zhang et al., 2007). The ART uses the
feedback information on the deviation of the virtual projection
from the measured projection and iteratively optimizes the object
coefﬁcient vector dj by a simple algebraic updating equation
dkj ¼ dk1j þ l
Gij
 
gi 
PN
j¼1 Gijm
k1
j
!
PN
j¼1 G2ij
(4)
where gi is the observed gravity anomaly, Gij is the residual gravity
at the i-th point induced by the j-th cell with the unit density, and
depends on the distance between the calculation points and the
gridded modes. The relaxation parameter l may be chosen in the
range from 0 to 2 and 0.2 is assigned to l in this paper.Figure 8. Bouguer gravity anomaly of CThe ART iteratively revises the initial estimate. Each revision is
updated by just one measurement equation to avoid inverting the
large sparse matrices, so that we could improve the efﬁciency.
Finally, we obtained the three-dimensional density distributions of
the Asian lithosphere by the ART inversion (Fig. 9).
The density anomalies of the lithosphere (Fig. 9) from 25 to
100 km depth show that the lithospheric density distribution of
China and surrounding areas has some connection with the tec-
tonic structure. There exists a sharp density gradient at the plate
junctions. Lithospheric density structure differs in the horizontal
and the vertical orientations. The Philippine Sea plate, Japan Sea
plate, the Indian plate, the Kazakhstan shield and the Western
Siberia plain belong to the high-density areas, and the maximum
value of density lies in the Philippine Sea plate. The ChinaeSiberia
region is NE-trending and belongs to the low-density regions. The
minimum value of density lies to the north of Philippines, in the
Taiwan Province and in the Ryukyu Island arc. The Asian region has
great differences in density gradients because of the borderline of
the different tectonic units. The density anomaly becomes gradu-
ally smooth with increasing depth. Its range becomes small.
The density anomaly changes intensely and ranges from 0.16 to
0.12 g/cm3 at 0e40 km depth. The Indian plate, the Kazakhstanhina and its surrounding regions.
Figure 9. Three-dimensional lithospheric density distribution of China and its surrounding regions. a: Depth ¼ 25 km; b: Depth ¼ 55 km; c: Depth ¼ 100 km.
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areas, and it shows that the area of high density is very old
and made up of solid rock. Tarim and Junggar basins have
high-density characteristics, whereas the Tibetan Plateau takes
on low-density characteristics. The Tianshan Mountain, the
MongoliaeBaikaleDaxinganling plate, the South China block, theNorth China block and the Siberian block show low-density char-
acteristics. The Philippine Sea shows high-density characteristics.
The density anomaly ranges from0.09 to 0.1 g/cm3 at 40e77.5 km
depth. This layer is the lithospheric mantle. The density anomaly of
the North China plate as well as in all the study areas becomes
smooth and ranges from 0.07 to 0.065 g/cm3 at 77.5e122.5 km
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ation. High density corresponds to the thick layer of rock, and low
density corresponds to the thin layer of rock.
Research on the lithospheric density distribution of China and
its surrounding regions will help us in understanding platemotions
and tectonic framework. Kazakhstan shield, Western Siberia and
the Indian plate are old and have stable cratonic areas and have a
high-density anomaly, which belongs to the cold mantle. In
contrast, the ChinaeSiberia regions, which trend northeast, has
lower density anomaly, which belongs to a hot mantle. The dive
angle, at which the old and hard Indian plate dives under the
Eurasian plate, becomes larger under the Tibetan Plateau, and
reaches 90 at the 33N latitude (Xu et al., 2010). In the east, the
Indian plate dives under the ‘Himalayas east structural knot’ (Zhao,
2007), while in the west it dives under the edge of the Tarim Basin
(Zhao et al., 2010). The subduction zone is the Himalaya orogenic
belt. The Indian plate dives under the Tibetan Plateau at a high
angle and over a long distance at the right side, and low angle and
short distance at the east and west structural knot. Because of the
intense uplift of the east structural knot metamorphic terrane,
the PaleozoiceMesozoic Tethys Himalayan sedimentary cover in
the east structural knot terrane was subducted and denuded
completely (Xu et al., 2008). The crust of the east structural knot is
made up of thin but high-density rigid material. All these factors
account for the east structural knot’s high density. There are two
subduction zones under the west structural knot (Negredo et al.,
2007; Xu et al., 2010) and granite and gneiss are widely distrib-
uted in this zone (Wu et al., 1993). Presumably, this is the reason for
the west structural knot’s low density. Internal fragmentation, fully
developed fracturing, and the inﬂux of hot mantle into the lower
crust may initiate partial melting and impart rheological properties,
which in turn results in the low-density anomaly in the Tibetan
Plateau. The Tarim Basin, to the north of the Tibetan Plateau, is a
very strong rigid stable cratonal continental block, with high-
density anomaly. The Tarim Basin blocks the Tibetan Plateau’s
northward movement resulting in mass escape along an EW trend.
The Sichuan Basin, to the east of the Tibetan Plateau, is a rigid
lithospheric block too, with a similar high-density anomaly. The
eastward mass ﬂow of Tibetan Plateau turns to the near southern
direction, and moves along the Sanjiang region due to the resis-
tance of the high-strength blocks of the Sichuan Basin. So the
southeast of the Tibetan Plateau shows only a low-density anomaly.
The lower crust of Taihang mountain tectonic zone shows an
obvious low-density characteristic. It may be an indicator of up-
welling of mantle materials or partial melting of lowermost crust
(Wang et al., 2011).
There are two major boundaries in the east of the study area.
Oceanic lithosphere has a higher density than continental litho-
sphere, and is the reason why subduction zones are high-density
belts. The subduction zone, where the Philippine Sea plate un-
derthrusts and dives toward the Eurasia plate in a WNW direction,
is the boundary of cold mantle and hot mantle (Feng et al., 2007).
The boundary lies on the north of the Philippine archipela-
goeTaiwan ProvinceeOkinawa trough and trends northeast, and is
a minimum density anomaly belt. Another boundary is in the Pa-
ciﬁc Ocean and the sea of Philippines, the Eurasian continental
plate boundary, generally located along theMariana trenchethe Izu
BonineKuril trench line. This is a low-density anomaly belt.
In the subduction zones, there exist sharp density anomaly
belts. The reasons for the low density are the changes in temper-
ature and pressure conditions and the watererock interaction,
partial melting with magmatic differentiation and movement of
material; the general trend is for less dense minerals to rise to the
surface, while the high-density minerals sink to the deep mantle
(Yang, 2009). On the reason for the origin of the ﬁrst belt, Wang andGao (1989) suggested that it is mainly due to the subduction of the
Philippine Sea plate, resulting in tectonic denudation, which leads
to the adsorption of material on to the trench; Zhou et al. (2001)
deduced that there exists a low-density body under the study
area. On both sides of the Okinawa Trough, there is distinct high
density. The west side of the high-density anomaly is caused by the
impact of the shelf edge, and the eastern side of high-density
anomaly is due to the edge of the island arcs and oceanic plate.
The dividing line between the Paciﬁc and Philippine Sea plate is
impacted by oceanic olivineeserpentine rock, and this results in
smaller lithospheric density (Maekawa et al., 1995; Fryer et al.,
2000; Wang et al., 2010); Kim and Lee (2009) deduced the exis-
tence of a low-density body and asthenospheric upwelling in the
region.4. Conclusions
We have obtained the three-dimensional lithospheric density
distribution of China and surrounding regions by ART. The inver-
sion results show that the density of lithosphere in the Asian region
is inhomogeneous.
The density distribution of the Asian lithosphere is different in
both the horizontal and vertical orientations. Oceanic lithosphere
has a higher density than continental lithosphere, and the sub-
duction zone is a high-density belt.
Also, our research shows that the density distribution of the
Asian lithosphere has a certain connection with the tectonic
structure. The density is relatively high in the Paciﬁc Ocean plate,
Philippine Sea plate, Japan Sea, the Indian plate, the Kazakhstan
shield and the Western Siberia plain. Tibetan Plateau has low-
density characteristics. The ChinaeSiberia belt, which is a wide
NE-trending belt, shows low-density anomaly. The minimum value
of density lies to the north of Philippines, in the Taiwan Province
and in the Ryukyu island arc. The signiﬁcant boundary line of
Eurasian plate and Philippine Sea plate, along the west side of West
Paciﬁc subduction zone, extends to the Kamchatka peninsula
region. In the subduction zones, there exists a sharp density
anomaly belt. The reasons for the low density are the change in
temperature and pressure conditions and the watererock interac-
tion, partial melting with magmatic differentiation and movement
of material; the general trend is for the less dense mineral com-
positions to rise to the surface, while the high-density mineral
components sink to the deep mantle.Acknowledgment
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